Understanding multilevel predictors of colorectal cancer (CRC) screening test modality can help inform screening program design and implementation. We used North Carolina Medicare, Medicaid, and private, commercially available, health plan insurance claims data from 2003 to 2008 to ascertain CRC test modality among people who received CRC screening around their 50th birthday, when guidelines recommend that screening should commence for normal risk individuals. We ascertained receipt of colonoscopy, fecal occult blood test (FOBT) and fecal immunochemical test (FIT) from billing codes. Person-level and county-level contextual variables were included in multilevel random intercepts models to understand predictors of CRC test modality, stratified by insurance type. Of 12,570 publicly-insured persons turning 50 during the study period who received CRC testing, 57% received colonoscopy, whereas 43% received FOBT/FIT, with significant regional variation. In multivariable models, females with public insurance had lower odds of colonoscopy than males (odds ratio [OR] = 0.68; p b 0.05). Of 56,151 privately-insured persons turning 50 years old who received CRC testing, 42% received colonoscopy, whereas 58% received FOBT/FIT, with significant regional variation. In multivariable models, females with private insurance had lower odds of colonoscopy than males (OR = 0.43; p b 0.05). People living 10-15 miles away from endoscopy facilities also had lower odds of colonoscopy than those living within 5 miles (OR = 0.91; p b 0.05). Both colonoscopy and FOBT/FIT are widely used in North Carolina among insured persons newly age-eligible for screening. The high level of FOBT/FIT use among privately insured persons and women suggests that renewed emphasis on FOBT/FIT as a viable screening alternative to colonoscopy may be important.
Introduction
Colorectal cancer (CRC) screening is a proven strategy to reduce colon cancer morbidity and mortality when used according to guidelines by average-risk people ages 50-75 years old. When used as recommended by guidelines, CRC screening reduces the chances of developing and dying from CRC (US Preventive Services Task Force, 2008) . Screening for clinically undetectable pre-cancers and cancers among average-risk men and women can be performed by several modalities, including: colonoscopy once every 10 years; fecal occult blood test (FOBT) or fecal immunochemical test (FIT) every year; or flexible sigmoidoscopy once every 5 years (Levin et al., 2008) . In practice, colonoscopy and FOBT/FIT are the most widely used screening tests, with differing sensitivity and specificity, preparation procedures, invasiveness, recovery time, and follow-up procedures recommended (US Preventive Services Task Force, 2008; Centers for Disease Control and Prevention, 2013) .
Since 2000, the US has seen an increase in CRC screening (Klabunde et al., 2011; Meissner et al., 2006; Kim et al., 2005 ; Centers for Disease Control and Prevention, 2011) with variation in choice of test modality over time. Specifically, there has been a notable increase in colonoscopy uptake (Meissner et al., 2006; Kim et al., 2005) and a slight decrease in fecal testing uptake (Klabunde et al., 2011; Centers for Disease Control and Prevention, 2011; Steele et al., 2013; Bandi et al., 2012) . While no single factor caused this shift in screening modality, between 1998 and 2001, Medicare and state General Assemblies implemented policy changes that required insurers to reimburse providers at least in part for the cost of colonoscopy screening, along with other types of CRC screening, for age-eligible or high-risk persons (Kim et al., 2005;  Centers for Medicare and Medicaid Services, CMS, 2009 ). These policy changes may have incentivized providers to recommend screening with colonoscopy more often due to higher reimbursement and may have motivated patients to be screened via colonoscopy due to reduced out-of-pocket cost and longer duration of coverage (Klabunde et al., 2011) .
Physician recommendation and patient preferences factor into choice of CRC screening modality (Hawley et al., 2014; Inadomi et al., 2012) . Some physicians have been noted to prefer and recommend colonoscopies over FOBT/FIT for screening (Bandi et al., 2012; Hawley et al., 2014; Inadomi et al., 2012; Schwartz, 2004; Reed et al., 2008; Pruitt et al., 2014; Shariff-Marco et al., 2013) . Patient preferences differ widely across populations, with some evidence suggesting that preference for colonoscopy is associated with family history of CRC and desire for accuracy, whereas preference for fecal testing may be associated with desire for ease, lower cost, and convenience (Meissner et al., 2006; Steele et al., 2013; Towne et al., 2014) . Racial variation in screening modality indicates that non-Hispanic Whites receive colonoscopies more often (Steele et al., 2013; Inadomi et al., 2012) . Latinos and non-Hispanic Blacks prefer FOBT over colonoscopy (Klabunde et al., 2011; Steele et al., 2013; Bandi et al., 2012; Inadomi et al., 2012; Towne et al., 2014) , despite low levels of overall CRC screening among both of these groups (Klabunde et al., 2011) . Although individual-level factors explain much of the variation in screening modality (Pruitt et al., 2014; Shariff-Marco et al., 2013) , area-level resources have been associated with screening modality in some studies (Shariff-Marco et al., 2013) , and geographic location and access to screening are significantly associated with screening choices among some racial/ethnic minority populations (Towne et al., 2014) . These observations prompt a need to further evaluate geographic and area-level factors in order to more clearly understand how individual and geographic factors simultaneously influence CRC screening modality received by certain populations.
Given continued variation in patient preferences and physician recommendation, as well as the need for a more in-depth examination of area-level factors, we sought to gain a better understanding of geographic variation in, and the specific predictors of, CRC screening modality (colonoscopy versus FOBT/FIT) among average-risk people who were incident screeners-that is, newly age-eligible for CRC screening. We focused on incident screeners because these individuals would not be expected to have a prior history of CRC testing that may affect choice of modality. We were interested in the first CRC test modality received. We therefore investigated these questions among publicly and privately insured people in North Carolina (NC) who received CRC testing around their 50th birthday, the age screening is recommended to commence by the United States Preventive Services Task Force (USPSTF) for normal risk individuals. We focused on NC because it is a large, racially, socioeconomically, and geographically heterogeneous state with high CRC mortality and is an ideal setting in which to compare CRC testing from linked claims data to national self-reported data. Self-report accuracy is higher among individuals receiving colonoscopies than for FOBT/FIT (Dodou & de Winter, 2014) , perhaps due to the substantial preparation and recovery time required for colonoscopy compared to FOBT/FIT. Such recall bias may potentially result in misleading assessments of the balance among modalities. Therefore, assessing CRC modality using data other than self-reported information is essential.
Methods

Data
We used NC Medicare and Medicaid fee-for-service insurance claims data from people insured by either or both of these public insurance providers in 2003-2008, inclusive . We also used fee-for-service claims data from private, commercially available health plans in NC in 2003-2008, inclusive . We required continuous enrollment to ensure that we were able to fully capture receipt of CRC testing from health insurance claims.
Study population
In accordance with the USPSTF guidelines for initiation of CRC screening at 50 years old, we included people who turned 50 at any time during the study period and received at least one CRC screening test. Among Medicaid and Medicare enrollees, due to eligibility criteria, this primarily represents a disabled population, whereas this age group in the privately insured population primarily represents working adults receiving employer-sponsored insurance. Although Medicare covers screening colonoscopy or FOBT/FIT without coinsurance or copay according to recommended testing schedules (Centers for Medicare and Medicaid Services, CMS, 2015), state Medicaid programs and private insurance plans vary in their CRC screening coverage policies. We included people who had received either colonoscopy, FOBT or FIT during the study period (14,787 publicly, 59,875 privately insured), as this represents approximately 96% of CRC screening tests performed in this population (Wheeler et al., 2014) . We also limited our study population to those individuals who remained alive and did not move to a different county during the study period so that we could understand regional variation in modality and examine the effect of area-level factors, such as distance from patient residence to an endoscopy provider, on CRC testing modality (2183 publicly, 2813 privately insured were excluded). Because we were interested in distance to endoscopy centers as a measure of geographic access, we further excluded a small number of people without valid ZIP code data (3 publicly, 769 privately insured). Finally, we also excluded people with prior history of CRC or colectomy (31 publicly, 142 privately insured), as defined in the available claims data, to ensure that our measures reflected screening rather than surveillance procedures.
Dependent variable
CRC testing was defined as beneficiary receipt of colonoscopy or FOBT/FIT in the claims during the study period. Receipt of colonoscopy was defined as our binary, dependent variable (receipt of FOBT/FIT was the reference category). Billing codes used are listed in Supplemental Table 1 (Online). Codes included procedures performed for screening and diagnostic intent, since these cannot be reliably distinguished in claims data because billing practices vary across institutions (Schenck et al., 2008; Schenck et al., 2007) .
For people who received both procedures, the first procedure received was designated as the primary outcome for analysis because it more likely aligns with initial choice of modality. For example, an initial abnormal FOBT/FIT would require follow-up colonoscopy, but this second procedure was not included in our analysis.
Independent variables
Both person-level characteristics and county-level contextual variables were included in the analysis. Due to differences in data sources and variable availability, we were not able to include the same person-level variables in both the publicly and privately insured analyses. For example, marital status is only available in the privately insured sample, whereas race is only available in the publicly insured sample. Variables such as gender, year patient turned age 50, and approximate distance between patients' residence and the nearest endoscopy facility, were included in both the publicly and privately insured analyses.
Distance to nearest endoscopy facility was measured based on beneficiaries' residential ZIP code and endoscopy facilities' ZIP codes. We identified all endoscopy facilities in NC using the 2007 State Medical Facilities Plan (SMFP) Inventory of Endoscopy Rooms in Licensed Facilities, in which we identified 178 facilities across NC's 100 counties. We measured the straight line distance between all beneficiaries' residential ZIP code centroids and all the ZIP code centroids of facilities' locations using ArcGIS 10.1.(ESRI) We used straight-line distance as a proxy for geographic access to endoscopy in the absence of more granular data on public transit and other transportation resources; prior studies have suggested that straight-line distance is N 90% correlated with driving distance and time (Boscoe et al., 2012) . We ranked these distances and then identified the nearest endoscopy facility to each beneficiary, employing a previously published approach (Wheeler et al., 2012 (Wheeler et al., , 2014 . Distances to nearest endoscopy facility were then categorized into 5 groups: b5 miles, 5 to b10 miles, 10 to b15 miles, 15 to b20 miles, 20+ miles. In addition, we also included the total endoscopy procedures performed in each of the endoscopy facilities to create a county-level measure of total endoscopy procedural volume per 10,000 population. Counties without any endoscopy center as reported by the SMFP (N = 28) were assigned a value of 0 for endoscopy procedural volume.
County-level variables were obtained from the 2005 Area Resource File (ARF). These included total count of all general practitioners, percent living under the federal poverty line, percent with less than a high school education, percent unemployed, percent uninsured (age 40-64), and percent non-white in the county, as defined by ARF. Most of these variables were categorized into quartiles excepting count of medical generalists, which was dichotomized at the median.
Statistical analyses
Our models were stratified by public and private insurance because we anticipated that the magnitude and significance of predictors would vary by payer and because some control variables were not available across all payers. Among the publicly insured, we also examined predictors of modality by Medicare only, Medicaid only, and dually enrolled (Medicare and Medicaid) in a secondary analysis. We first conducted bivariate analyses using Chi-squared tests to examine unadjusted relationships between CRC testing modality and independent variables. For multivariate analysis, we used multilevel logistic models to examine probability of receiving colonoscopy versus FOBT/FIT, adjusting for individual-level and county-level characteristics. In these models, we allowed the county intercept to be random in order to account for correlated data among the individuals who lived in the same county.
We obtained average predicted probabilities of colonoscopy for each county in NC from the final multilevel models. We present the geographic variation using choropleth maps in which the predicted probability of colonoscopy was grouped across 100 counties and used cut-off points comparable for both public and private insurance groups. We also included the location of endoscopy facilities in the map. All analyses were conducted in 2015, using SAS software (version 9.3; SAS Institute, Inc., Cary, NC). Maps were created using ArcMap of the ArcGIS Desktop Release 10 (ESRI). This study was approved by the UNC Institutional Review Board.
Results
Publicly insured sample
We identified 12,570 publicly insured persons turning 50 years old who received colorectal cancer testing via colonoscopy or FOBT/FIT; 57% of these had a colonoscopy procedure whereas 43% received FOBT/FIT. In bivariable analyses (Table 1) , males were more likely to receive colonoscopy than females (63% versus 54%). People with higher likelihood of receiving colonoscopy included those turning 50 in an earlier year (60% in 2003 versus 52% in 2008) , and living in areas with low unemployment rate (60% in low versus 55% in high quartile).
In multivariable models (Table 2) , after adjusting for person-level and county-level contextual factors, females with public insurance had lower odds of receiving colonoscopy versus FOBT/FIT (odds ratio [OR] = 0.68) than males. Those with Medicaid or dual insurance had lower odds of using colonoscopy (OR = 0.84 and 0.90, respectively) compared to Medicare beneficiaries. Across types of public insurance (Table 3) , statistically significant effects of county-level unemployment were observed for both Medicare-only and Medicaid-only beneficiaries, with people living in areas with higher unemployment associated with lower odds of receiving colonoscopy (versus FOBT/FIT) as compared to people in areas with lower unemployment. Statistically significant effects of distance to endoscopy and county-level non-white population proportion also were observed in the Medicare-only population. Beneficiaries living 10 -15 miles or more than 20 miles away from endoscopy facilities were more likely to receive colonoscopy (versus FOBT/FIT) as compared to those who lived within 5 miles of an endoscopy facility. Medicare-only beneficiaries living in areas with more non-white population had a higher likelihood of receiving colonoscopy (versus FOBT/ FIT), compared to those living in areas with less non-white population.
Privately insured sample
We identified 56,151 privately insured persons turning 50 years old in this study who received colorectal cancer testing via colonoscopy or FOBT/FIT during our study period. Overall, 42% of the privately insured had a colonoscopy procedure as their first CRC test and 58% FOBT/FIT (Table 1) . In bivariable analyses, a higher proportion of males received colonoscopy as their first CRC test than females (54% versus 35%, Table  1 ). Additionally, people more likely to receive colonoscopy included: those living in areas with above the average numbers of generalists (43% versus 38%), high proportion of non-white residents (46% in high versus 38% for low-medium quartile), and low unemployment (43% in low versus 38% for high quartile).
In multivariable models (Table 2) , after adjusting for person-level and county-level contextual factors, females with private insurance had lower odds of colonoscopy versus FOBT/FIT (odds ratio = 0.43, Table 2 ). People turning 50 in earlier years than 2008 were 38-62% more likely to receive colonoscopy versus FOBT/FIT. People living 10-15 miles away from endoscopy facilities had slightly lower odds of receiving colonoscopy than those living within 5 miles of an endoscopy facility (OR = 0.91). Regionally, privately insured people living in areas with the highest percentage of non-white residents had higher odds of colonoscopy, compared to the lowest quartile of non-white residents (OR = 1.4). Fig. 1 shows, across NC counties, the publicly insured had a higher probability of receiving colonoscopy than the privately insured sample. Within both publicly and privately insured, significant county-level variation in CRC test modality was observed, with the highest levels of colonoscopy use observed in the North Central and South Central parts of the state. 
Geographic variation
Discussion
We used a novel multipayer claims dataset representing approximately 70,000 unique persons to ascertain CRC testing modality (colonoscopy versus FOBT/FIT) among people turning 50 years old who were newly eligible for CRC screening and received at least one CRC test during our study period. We found that a substantial number of people (43-58%) received FOBT/FIT as their initial or incident CRC test during this period, indicating that this modality represents an important alternative to the more invasive colonoscopy for many people. In particular, our data suggest that FOBT/FIT is widely used among privately insured and women. Our overall findings are consistent with Wernli and colleagues who found 60-70% of FOBT/FIT and 20-30% of colonoscopy use in 2002-2010 among members of Group Health age 50 (Wernli et al., 2014) . Thus, fecal testing represents an important alternative to the more invasive and expensive colonoscopy for many people in NC. Previous studies indicate that patients desire having CRC screening choices and appreciate their providers informing them of all relevant alternatives in such decisions (Hawley et al., 2014; Inadomi et al., 2012) . Therefore, providers need to fully inform eligible patients of all relevant test alternatives and empower them to make an informed decision about CRC screening consistent with their preferences.
At first glance, it appears that our data contradict National Health Interview Survey (NHIS) (Centers for Disease Control and Prevention, 2013) and the Behavioral Risk Factor Surveillance System (BRFSS) self-reported data (which suggest that colonoscopy is the primary modality used among 50-75 year olds at 61.7% overall, compared to FOBT/ FIT at 10.4% overall) . However, it is important to recognize that BRFSS data are measuring a different outcome-prevalence of CRC screening modality as it relates to the entire age-eligible population, rather than modality used in incident CRC testing around the age of 50. In addition, because FOBT/FITs confer screening coverage for only one year, whereas colonoscopies cover patients for 10 years, we expect to see a higher number of FOBT/FITs in a 6-year cross-section of CRC testing patterns. Lastly, self-reported data are known to be differentially mismeasured by CRC test modality (with FOBT/FIT more often being underreported) (Dodou & de Winter, 2014) . Because our study used insurance claims data, we have access to an arguably more objective measure of colonoscopy/FOBT/FIT balance (Bradbury et al., 2005) . Nevertheless, claims data are also an imperfect resource, in that only procedures billed are measurable; therefore, it is possible that our analysis may not have captured all screening procedures performed in this sample if insurance claims were not filed (e.g., some FOBT/FITs may be missed since they are inexpensive to perform) (Schenck et al., 2008) . However, because colonoscopy is an expensive procedure and FOBT/FIT is relatively inexpensive, we believe that under-ascertainment of colonoscopy would be rare (i.e., self-pay would be unlikely) and under-ascertainment of FOBT/FIT, if it occurs, would only further sway the testing balance toward greater use of FOBT/FIT.
Compared to national BRFSS data, our analysis showed greater regional variation in CRC test modality across NC than has been observed across states Xu et al., 2013) . NC is a diverse state in terms of rurality/urbanicity and access to health care resources with substantial regional variation in overall rates of CRC testing use (Wheeler et al., 2014) . Observed variation in CRC test modality may be due to differential insurance generosity, regional differences in access to and use of primary care, or differential provider recommendations and referral patterns regarding FOBT/FIT and colonoscopy. In our privately insured population, FOBT/FIT was the dominant CRC test modality at 58%. This finding may reflect privately insured persons foregoing colonoscopy as a first screening test due to more significant costsharing burden or longer waiting times, which may drive people to use fecal tests. In contrast, the higher prevalence of colonoscopies in the publicly insured group may reflect provider preferences for colonoscopy among publicly insured persons, who may be perceived as less compliant with annual FOBT/FIT. Colonoscopy was received more often by men, which may reflect provider recommendations (in light of evidence showing that women are more adherent to annual FOBT/FIT screening than colonoscopy) and/or women's preferences for FOBT/FIT due to concerns about bowel prep and test inconvenience associated with colonoscopy (Chacko et al., 2015) . Our data point to interesting and important future qualitative and quantitative research that is needed to better understand whether these differences in test modality result from provider preferences or perceptions of patients, reimbursement-driven incentives, patient preferences or personal risk perception, or some combination of these.
Limitations
Whether the CRC test received was for screening versus symptomdriven purposes is not altogether clear from claims (Schenck et al., 2008; Schenck et al., 2007) . Consistent with best practices (Schenck et al., 2007 (Schenck et al., , 2008 , we have included both screening and diagnostic procedures in our analysis. It is possible that in-office FOBTs done by providers after a rectal exam may have been included in our FOBT measure (as opposed to fecal screening done at home). Importantly, from a population health perspective, regardless of the intent or location of the test, any CRC testing helps to reduce the risk of CRC-related morbidity and mortality. In addition, our data may not be generalizable to uninsured persons, people with transient insurance, those living outside NC, or different age groups. Our results were limited to the years 2003-2008, due, in part, to delays in billing processing that slow the release of some claims data. As such, our data may not represent more contemporary trends in CRC testing, but they nevertheless provide historical trends which may be used to predict future utilization of CRC testing modalities (i.e., suggesting increasing uptake of FOBT/FIT). Finally, some variables such as race and marital status were not available across all payers in the analysis, which limited our ability to directly compare the effects of such person-specific measures on CRC screening outcomes and to fully control for the same potential confounders across payers. Although we opted to include these variables to the extent possible in our analyses because we hypothesized a priori that they may affect CRC screening modality, our multivariable findings indicated race and marital status were not statistically significant predictors of test modality in the publicly and privately insured samples, respectively. Therefore, we believe that the unavailability of these measures across all payers did not meaningfully affect our results and conclusions.
Conclusion
We present an objective portrayal of CRC testing practices from a variety of insured persons, providing a more complete understanding of CRC testing modality use than has previously been described in self-reported, single payer, and/or single institution studies. We anticipate lessons learned from our analysis regarding the continued use of FOBT/FIT may be useful to NC public health officials, as well as other states and settings, planning CRC screening programs. Although both colonoscopy and FOBT/FIT are being used in cancer prevention efforts in NC, our data and others' suggest that renewed emphasis on FOBT/FIT may have enhanced utility and could result in increased screening rates in hard-toreach populations such as persons who experience greater systemlevel barriers to care (e.g., Medicaid enrollees) (Wernli et al., 2014; Pignone et al., 2014) . For example, these results are currently being used in partnership with county health departments and Community Care of NC to implement a mailed reminder plus FIT kit quality improvement intervention among Medicaid enrollees living in NC counties with low CRC screening rates. Importantly, however, fecal-based testing will require annual re-screening and additional efforts to track and schedule re-screening. In NC and elsewhere, providing patients with CRC screening test options, monitoring screening activity through electronic record systems, using automated systems to issue screening reminders, fully informing patients of test characteristics and preparation procedures, and ensuring that patient preferences are respected, will likely result in advancements toward national goals of increasing CRC screening, such as the Healthy People 2020 target of having 70.5% of persons screened for CRC (Office of Disease Prevention and Health Promotion ODPHP, 2015) and the National Colorectal Cancer Roundtable goal of having 80% of people screened by 2018 (National Colorectal Cancer Roundtable, 2015) .
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.pmedr.2016.11.019.
